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Several Fusarium species are plant pathogen that can cause various diseases 
on fruits and vegetables. The common Fusarium species that can infect plants 
are Fusarium proliferatum and Fusarium verticillioides. Ear rot on maize, 
Fusarium wilt on cucurbits, fruit rot on tomato and banana are diseases caused 
by these two species. Both species are able to produce fumonisin B1 (FB1) that 
are harmful towards human and animal and currently there is a lack of 
information regarding the effect from exposure of FB1. Thus, the objectives of 
this study were to identify F. proliferatum and F. verticillioides based on species-
specific primers using polymerase chain reaction (PCR), to evaluate the genetic 
diversity between both species based on microsatellite marker, to detect the 
production of FB1 by both species and to examine embryotoxicity effect of FB1 on 
the larvae of zebrafish (Danio rerio). Fifty isolates of Fusarium species were 
obtained from different hosts throughout Malaysia. All isolates were identified 
using species-specific primers of which 29 isolates were identified as F. 
proliferatum and 21 isolates as F. verticillioides. The genetic diversity of the 
isolates was evaluated using six established microsatellite primers. Five out of 
six primers amplified polymorphic bands with primers showed high number of 
alleles were (AG)7C and (TCC)5. Meanwhile one primer (TTTC)4 gave negative 
result with no band amplified. The constructed phylogenetic tree showed two 
different clades distinguished between F. proliferatum and F. verticillioides and 
high diversity among the clades according to different hosts and locality. 
Successful amplification of the FUM1 gene showed the presence of this gene in 
the genome of 48 out of 50 isolates. Fusarium proliferatum produced FB1 ranged 
from 16.48-6677.32 ppm. Meanwhile F. verticillioides produced FB1 ranged from 
12.26-954.01 ppm. From the assessment of embryotoxicity test of FB1 on larvae 
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of zebrafish, five concentrations of FB1 (0.43, 0.58, 0.72, 0.87 and 1.00 ppm) 
were tested. Morphological changes of heart, yolk sac and spine of the FB1 

exposed-larvae were observed at 24 to 168 hours post-fertilization (hpf). The 
mortality rate and abnormality of zebrafish larvae’s were significantly increased 
at 144 hpf exposure. Pericardial edema and yolk sac edema was severely 
observed at concentration 0.72–1.00 ppm at 120 hpf exposure meanwhile spinal 
curvature can be observed at all concentrations at 168 hpf.  Spontaneous tail 
coiling showed significant difference to the normal whereas no significant 
differences on the heart rate. As a conclusion, F. proliferatum and F. 
verticillioides can be identified by using species-specific primers. These two 
species have showed high diversity among the isolates based on microsatellite 
and phylogenetic analyses. 
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Beberapa spesis Fusarium adalah patogen tumbuhan yang menyebabkan 
pelbagai jenis penyakit pada buah-buahan dan sayur-sayuran. Antara spesis 
Fusarium yang lazim menyebabkan penyakit pokok adalah Fusarium 
proliferatum dan Fusarium verticillioides. Penyakit reput tongkol jagung, 
penyakit layu mentimun dan penyakit reput tomato dan pisang adalah contoh 
penyakit disebabkan oleh dua spesis ini. Spesis ini mampu menghasilkan 
Fumonisin B1 (FB1) yang merbahaya terhadap manusia dan haiwan dan pada 
masa kini maklumat mengenai kesan daripada pendedahan  FB1 adalah tidak 
mencukupi.  Objektif kajian ini adalah untuk mengenal pasti F. proliferatum dan 
F. verticillioides berdasarkan analisis pencetus sepsis-spesifik rantai 
polimerase, untuk menilai kepelbagaian genetik kedua-dua spesis berdasarkan 
analisis mikrosatelit, untuk mengesan penghasilan FB1 oleh kedua-dua spesis 
tersebut dan untuk menilai kesan toksin FB1 terhadap larva ikan zebra (Danio 
rerio). Lima puluh isolat spesis Fusarium terlebih dahulu dipencilkan dari 
pelbagai perumah yang diperoleh dari serata Malaysia. Kesemua pencilan 
telah dikenalpasti menggunakan pencetus spesis-spesifik, dimana 29 pencilan 
telah dikenal pasti sebagai F. proliferatum dan 21 pencilan telah dikenal pasti 
sebagai F. verticillioides. Kepelbagaian genetik telah dinilai melalui analisis 
mikrosatelit menggunakan enam pencetus mikrosatelit. Lima daripada enam 
pencetus tersebut menghasilkan jalur polimorfik di mana pencetus yang paling 
tinggi penghasilan alel adalah (AG)7C dan (TCC)5 manakala satu pencetus 
(TTTC)4 memberikan hasil negatif dan tiada amplifikasi. Pohon filogenetik 
yang dijana menunjukkan dua klad yang membezakan di antara F. proliferatum 
dan F. verticillioides berdasarkan kepada perbezaan perumah dan lokasi. 
Keupayaan mengamplifikasi FUM1 menunjukkan kewujudan gen ini di dalam 
48 daripada 50 isolat. Fusarium proliferatum menghasilkn FB1 pada kadar 
16.48–6677.32 ppm manakala F. verticillioides menghasilkan FB1 pada kadar 
12.26–954.01 ppm. Berdasarkan penilaian kesan toksin FB1 terhadap Danio 
rerio, lima kepekatan FB1 (0.43, 0.58, 0.72, 0.87 and 1.00 ppm) telah 
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digunakan. Perubahan morfologi jantung, kantung yolk dan tulang belakang 
larva yang terdedah kepada FB1 diperhatikan pada 24 hpf hingga 168 hpf. 
Kadar kematian dan morfologi tidak normal dilihat mempunyai peningkatan 
perbezaan yang bererti pada pendedahan 144 hpf. Perkardial edema dan 
kantung yolk edema dilihat mempunyai kesan teruk pada kepekatan 0.72-1.00 
ppm pada 120 hpf manakala lengkungan tulang belakang diperhatikan pada 
kesemua kepekatan FB1 pada 168 hpf. Pusingan ekor rawak menunjukkan 
perbezaan bererti manakala tiada perbezaan bererti pada kadar degupan 
jantung. Kesimpulannya, F. proliferatum dan F. verticillioides boleh dikenalpasti 
dengan menggunakan analisis amplifikasi spesis-spesifik. Kedua-dua spesis 
menunjukkan kepelbagaian yang tinggi di antara isolat berdasarkan analisis 
mikrosatelit dan pohon filogenetik. 
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CHAPTER 1 

 

INTRODUCTION 

 

Mycotoxins contamination occurs frequently in the area with hot and humid 
climate where it is the most suitable condition for growth of fungi. Factors that 
influence the contamination of mycotoxins in food and feedstuff are related to 
favorable environmental condition such as unsterile storage area. Proper 
storage management can control this condition, however, other factors such as 
climate, fungal strain specificity, strain variation and instability of toxigenic 
properties are more challenging to handle and control (Zain, 2011). 
 
 
One of the most common mycotoxins are fumonisins produced by Fusarium 
species. At least 10 different species of Fusarium can produce these toxins, 
however, Fusarium proliferatum and Fusarium verticillioides are the most 
common fungi associated with crops, including maize and the highest reported 
as fumonisins producer (WHO/FAO, 2001). Maize is one of the crops that are 
subjected to the most critical mycotoxin problems throughout the world. The 
contamination may occur in the field during storage, processing or feeding 
under appropriate environmental conditions (Reddy & Salleh, 2011). Apart from 
maize, there are also various food products that are known to contain a 
significant amount of fumonisins. The fumonisins-contaminated products 
include rice, wheat, cowpeas, sorghum, millet, and asparagus (Kushiro, 
Nagata, Nakagawa & Nagashima, 2008). Other crops that are fumonisins-
contaminated including garlic, soybean and pineapple (Palmero et al., 2012; 
Garcia et al., 2012). 
 
 
Fusarium species can cause various types of diseases such as root, stem and 
ear rots, wilt and abnormal growth on many crops and plants. The species in 
the section Liseola have been reported as potential pathogens of Fusarium ear 
rot on maize (Zea mays), fruit rot on tomato (Solanum lycopersicum), wilt on 
luffa (Luffa acutangula) and pumpkin (Cucurbita pepo). These diseases were 
caused by infection of F. verticillioides, F. proliferatum and F. subglutinans (Nur 
Ain Izzati, Siti Nordahliawate, Nor Azlina, Azmi & Baharuddin, 2011a). 
Fusarium verticillioides and F. proliferatum can produce significant amount of 
fumonisins in the infected plants. Fumonisin is a type of mycotoxins and 
Fumonisin B1 (FB1) can interfere with sphingolipid metabolism (Richard et al., 
2007). Besides that, both species can also yield other secondary metabolites 
such as moniliformin, beauvericin and fusaproliferin (Summerell, Baharuddin & 
Leslie, 2003).  
 
 
Production of FB1 by both species depend on a biosynthetic gene cluster FUM, 
which consists of FUM1 to FUM19 where FUM1 are responsible for the 
production of FB1 (Glenn et al., 2008). FB1 is classified in Group 2B 
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carcinogens by the International Agency for Research on Cancer (IARC). FB1 
is toxic and causing leukoencephalomalacia and has been reported to be 
associated with human oesophageal cancer and birth defects (Marasas, 2001). 
 
 
Maheshwar and Janardhana (2010) reported that 65 isolates of F. proliferatum 
and 27 isolates of F. verticillioides were isolated from paddy in India and 
positive with FUM1 gene analysis. A study by Chehri, Jahromi, Reddy, Abassi 
and Baharuddin (2010a) on wheat grains that were marketed in Iran showed 
that 68.2% of samples were contaminated with FB1, 42.6% of samples were 
contaminated with Fumonisin B2 (FB2) and 31.7% of samples were 
contaminated with Fumonisin B3 (FB3). Another study in Iran, 51 isolates of F. 
verticillioides and F. proliferatum were evaluated using High-Performance 
Liquid Chromatography (HPLC) have confirmed to produce FB1, FB2, and FB3 
from maize cultures (Ghiasian et al., 2005). 
 
 
The occurrence of mycotoxins has become a great concern as presence of 
mycotoxins in foods is often associated with acute and chronic diseases 
(Logrieco, Mule, Moretti & Bottalico, 2002). Food contamination that was 
caused by toxicants such as mycotoxins can compromise the safety of food 
and feed supplies to humans and animals. High levels of mycotoxins 
accumulation have been reported in pre-harvest maize in Europe, North and 
South America and Asia (Logrieco et al., 2002). Ingestion of certain level of 
mycotoxins, for example, can result in aflatoxicosis, or ruminant liver failure 
(Mukanga, Derera, Tongoona & Laing, 2010).  
 
 
According to European Commission Regulation No. 1881/2006 and European 
Commission Recommendations 2006/576/EC and 2013/165/EU, the maximum 
level of FB1 in unprocessed maize for human consumption is 4 ppm meanwhile 
for feeding stuff for ruminants is 50 ppm. In 2002, the IARC has evaluated FB1 
originated from F. verticillioides classified in Group 2B which means a potential 
human carcinogen (Kushiro et al., 2008). Since Fusarium species can produce 
toxins that have potential toxicity to humans and domesticated animals, control 
of mycotoxins contamination has become an urgency in food safety. 
Fumonisins can be detected symptomatically and asymptomatically and there 
are some guidelines for maximum fumonisins level in food for human 
consumption (Brown, Cleveland, Woloshuk, Payne & Bhatnagar, 2001).  
 
 
The most common and conventional method to detect fumonisins level is using 
chromatographic method such as HPLC, Ultra-Fast Liquid Chromatography 
(UFLC) and Liquid Chromatography-Tandem Mass Spectrometry (LC-MS). 
HPLC is practical for routine analysis due to its wider prevalence while LC-MS 
is practical for screening and quantitative analysis of samples with low 
contamination levels (Kushiro et al., 2008). 
 
 
As mycotoxins contamination in daily foods and crops production has become 
serious problems worldwide, it is important to conduct this study in order to 
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detect the production of FB1 produced by F. proliferatum and F. verticillioides. 
Currently Asia do not have details regulations and limits about mycotoxin safe 
level especially fumonisins. This study later can provide information on setting 
the new limit for fumonisins safe level thus controls the exposure towards 
human and animal. To detect accurately the fumonisins production in F. 
proliferatum and F. verticillioides, diagnostic method based on polymerase 
chain reaction (PCR) is the most suitable and rapid detection to detect specific 
FUM1 gene pairs as it detects the genes of fumonisins. Since FB1 
contamination in food and feed can lead to health issues in human and animal, 
the effect is important to be evaluated and assessed to determine the effect of 
the toxin that can cause health hazard. Therefore, zebrafish is used as a model 
organism to observe the effect of FB1 of which it is an ideal choice as it has 
70% gene similarity with human genome (Howe et al., 2013). Since currently 
there are no reports on the exposure of FB1 on zebrafish, from this study it can 
provide more information on the effect of FB1 towards zebrafish which can 
relate to human health. Comprehensive studies were conducted on FB1 
production by Fusarium species, one of the main groups of pathogenic and 
toxigenic fungi that are frequently found and widely spread throughout the 
world, including Malaysia.  
 
 
The objectives of this study were:  

i. to identify isolates of F proliferatum and F. verticillioides based on 
species-specific PCR assays and evaluate the genetic diversity based 
on microsatellite markers, 

ii. to detect FUM1 gene and to quantify FB1 produced by the isolates 
using UFLC analysis, 

iii. to examine the embryotoxicity effect of FB1 on the larvae of zebrafish 
(Danio rerio). 
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